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Dear Sir: 



1. Real Party In Interest 



The real party in interest to this appeal is the named assignee, Ford Motor Company, 
Dearborn, Michigan 48121. 
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2. Related Appeals and Interferences 

There are no other known appeals or interferences which would have a bearing on, or 
be influenced by, the present appeal, 

3. Status of Claims 

Claims 1-26 were initially presented to the examine: for consideration, la response to 
an OflSce Action dated September 25, 2003, Claims 1 - 14 and 26 were cancelled. Claims 15, 
17, 18 and 25 were amended, and Claims 27 - 31 were added. As a result of the Final Office 
' Action dated april 1, 2004, a Request for Reconsideration was filed on Jime 1, 2004, Claims 
1 5 - 25 and 27 - 3 1 remain in the case. They are reprodwed in APPENDIX L 

4. Status of Amendments 

A Request for Reconsideration was filed on June 1, 2004 in response to the Final 
Office Action of April 1, 2004. According to an Advisory Action dated July 29, 2004, this 
Request for Reconsideration was considered but was deemed by the Examiner to fail to place 
the application in condition for allowance. 

5. Summary of the Invention 

The present inveaition provides a method and syston to control braking and improve 
controllability of a vehicle equipped with regenerative braking. The invention can provide 
regenerative braking while reducing understeer and oversteer while not significantly reducing 
energy recovery, even on low friction surfaces. The invention detects vehicle ovcrsteer and 
understeer and correspondingly balances regenerative braking torque with conventional non- 
regenerative braking torque if controllability decreases. 

In accordance with an important aspect of the present invention regenerative braking is 
provided to the wheels of at least one axle, either on a front or a lear axle. Also, mechanical 
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friction or other non-regenerative brakes of a type known in the art are connected to the 
wheels of at least one axle, with the regenerative braking and non-regenerative brakes being 
on different axles. The vehicle has a controller having the microprocessor hardware and 
software to receive and eval^te sensor input of brake position and wheel speed of each wheel 
and to activate a generator motor which varies non-regenerative and regenerative braking in 
optimum proportions among each non-regenerative braking wheel for maximum energy 
recovery. Further, the controller determines vehicle controllability based on at least one actual 
vehicle controllability value and at least one predetennined target value. The controller 
activates a generator motor that operates to reduce regenerative brakuig, while proportionally 
increasing non-regenerative braking in order to maintain the actual vehicle controllability 
value within the predetemmied target value. 

In accordance with a related aspect of the mvention, the controller can be a simple 
proporttonal-integral-derivative feedback type controller. 

The invention can reduce oversteer in vehicle configurations where the fi-ont axle 
wheels are steerable. In a preferred configuration the generator motor provides regenerative 
braking to the wheels on the rear axle, while the non-regenerative brakes are connected to the 
wheels on the front axle. The sensor input also includes data showing the steering angle in 
degrees left or right of dead center. Sensors also provide data related to lateral acceleration and 
yaw rate. 

Vehicle controllability determinations, such as oversteer, can include measurement and 
feedback showing wheel longitudinal wheel slip ratio, tire slip angle, and yaw rate. Steering 
angle can be determined from steering wheel position, steerable wheel position or a time- 
jRltered determination of steering angle. The present invention can also be configured to 
reduce understeer in front v^eel drive vehicles. As regenerative braking is reduced, non- 
regenerative braking is increased. 

For a rear wheel drive vehicle, where non-regenerative braking is provided on the front 
wheels, as regenerative braking in the rear is reduced and the vehicle is in a turn commanded 
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by the operator, the non^regenerative braking for the outside wheel of the turn is increased to 
reduce oversteer. Since non-regenerative braking is only increased on one wheel, a smaller 
reduction in the amount of regenerative braking is required. A similar strategy can be used for 
a front wheel drive vehicle. Here, as regenerative braking is reduced on the front wheels to 
reduce understeer, the strategy proportionally increases the non-regenerative braking on the 
rear wheel that is on the inside of the turn. These strategies maximize energy recovery. 

Other objects and features of the present invention will become more apparent to 
persons skilled in the art to which the present invention pertains from the following 
description and claims taken in conjunction with the accompanying figures, 

6. Issues to be Decided 

Whether Claims 15, 16, 19, 20, 22 - 25 and 27 - 3 1 are properly rejected under 35 
U.S.C. § 103(a) as being unpatentable over Kade et al. (U.iS. Patent No. 5,522,859); and 
whether Claims 17, 18 and 21 are properly rejected under U.S.C § 103(a) as being 
unpatentable over Kade et al. (U.S. Patent No. 5,522,859) in view of Tatara et al. (U.S. Patent 
No. 6,704,627). 

7- Grouping of Claims 

All claims stand or fall together. 

8. Argument 

Claims 15 - 25 and 27 - 31 axe in the application. Claims 15, 16, 19, 20, 22 - 25 and 
27 - 31 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Kade et aL, U.S. 
Patent 5,522,859 C*Kade"). The Examiner states that Kade discloses a hybrid brake control 
system including regenerative and fiiction brakes, with friction brakes being applied on at 
least a first axle^ and regenerative brakes being applied to a second axle* The Examiner 
continues with the statement that Kade discloses an ABS system which proportions the 
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friction/regenerative braking based on the amount of wheel sUp. The Examiner admits that 
Kade lacks the teaching of reducing regenerative braking applied to one axle and increasing 
non-regenerative braking applied to a single wheel of a second axle to maintain vehicle 
controllability. Rather, the Examiner argues that it would have be obvious at the tune the 
invention was made to have designed the system of Kade to reduce regetxerative braking to the 
wheels of a first axle or increasing the friction braking to a single selected wheel of a second 
axle. 

Kade's system is centered about ABS. As is well known, ABS reduces the brake 
power associated with a given wheel so as to prevent wheel slip. In other words, the brakiug 
available from the wheel is reduced. In contravention of this concept. Applicant's claimed 
invention sets forth a system for reducing regenerative braking by a wheel on a first axle, 
while increasing non-regenerative braking to a single selected wheel of a second axle. In other 
words, the braking is increased for a single wheel, rather than being decreased, as would be 
the case while employing an ABS system. This limitation is found in each of the independent 
claims of this case i.e. Claims 15, 25 and 27. As a result, Kade teaches away from the claimed 
invention, as set forth in each independent claim, and Claims 15, 16, 19, 20, 22 - 25 and 27 - 
31 are therefore allowable over Kade and should be passed to issue over the Examiner's 
rejection. 

Claims 17, 18 and 21 stand rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kade in view of Tatara et al., U.S. Patent 6,704,627 ('Tataia"). In this regard, the Examiner 
imports from Tatam the teaching of providing drive and regenerative braking forces to the rear 
wheels of a vehicle based upon a number of vehicle conditions including yaw rate and lateral 
acceleration. The Examiner argues that it would have been obvious to modify the brake 
system of Kade to mcorporate yaw rate and lateral acceleration as control parameters. 
Regarding Claim 21, the Examiner argues that the choice of a particular axle for friction or 
non-regenerative braking would have been obvious. Finally, regarding Claim 21, the 
Examiner argues that the use of target and actual vehicle yaw rates would have been obvious. 
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Applicant respectfully submits that neither Kade, nor Tatara, whe±er taken singly, or 
in combination with each other, either teach or suggest Applicant's claimed invention as set 
forth in Claims 17, 18 and 21 because as described previously, Kade teaches the use of ABS to 
reduce braking on an axle, rather than increasing braking on a single wheel after reducing 
regenerative braking on another axle, as claimed by Applicant. Moreover, Tatara is devoid of 
any notion of decreasing regenerative braking while increasing friction braking on a single 
wheel of a different axle. As a result, each of Claims 17, 18 and 21 shotild be passed to issue 
over the Examiner's rejection. Such action is earnestly solicited. 

9. Conclusion 

The Examiner's prior art rejection of Claims 15-25 and 27-31 should be reversed. 

In accordance with 37 C.F.R. §1,192, this Appeal Brief is being filed in triplicate 
together with a Fee Transmittal for $330.00. 



Respectfully submitted, 



DYKEMA GOSSETT PLLC 




Jerome R. DrouiUard 
Registration No. 28,008 
^3 South State Street 
Suite 400 
Ann Arbor, MI 48104 
(743) 214-7670 



Dated: August /O , 2004 
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CERTIFICATE OF MAILING 

I hereby certify that the enclosed Appeal Brief is being faxed to the Central Fax # (703) 872-9306 to Mail Stop 
Appeal Brief - Patents, Coramissioner of Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on this tO 
day of August 2004. 



Daphne Poh 
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APPENDIX I 

IN THE CLAIMS: 

Claim 1 - 14 (Cancelled) 

Claim 15: A method to control braking and optimize controllability of a vehicle having a 
generator motor adapted to adjustably apply regenerative braking torque to wheels of a 
first axle and non-regenerative brakes connected to wheels of a second axle, comprising 
the steps of: 

controlling the vehicle by sensing vehicle conditions including at least one of brake 
position, wheel speed of each wheel, and degree of steering angle deviation right or left 
of a straight ahead direction; 

activating non-regenerative and regenerative braking in varying proportion 
independently among wheels of said first and second axles; 

determining vehicle controllability based on comparison of at least one measured 
vehicle controllability value against at least one predetermined target value; and 
reducing regenerative braking to the wheels of said first axle while increasing the non- 
regenerative braking to a single selected wheel of said second axle, to maintain the 
actual vehicle controllabiHty value within the predetennined target value. 

Claim 1 6: The method of Claim 1 5, wherein the step of controlling the vehicle comprises 
using a simple proportionaHntegral-derivative feedback controller. 

Claim 17: The method of Claim 1 5, wherein: 

wheels on a front axle are steerable; 

the generator motor controls regenerative braking torque applied to the wheels on a 
rear axle; 

non-regenerative brakes are connected to liie wheels on the fi^nt axle; 
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the Step of sensing vehicle conditions further comprises detennining lateral 
acceleration and yaw rate of the vehicle; and 

the step of reducing regenerative braking while increasing the non-regenerative 
braking to one wheel to maintain the actual vehicle controllability value within the 
predetermined target value comprises the step of increasing proportionally the non- 
regenerative brake torque ^plied to a front wheel v^hich travels on an outside of a 
turn. 

Claim 18: The method of Claim 15, wherein: 
the wheels on the front axle are steerable; 

the generator motor adjustably controls regenerative braking torque applied to the 
wheels on a bont axle; 

non-regenerative brakes are connected to the wheels on a rear axle; 

the step of sensing vehicle conditions further comprises the step of detennining lateral 

acceleration and yaw rate of the vehicle; and 

the step of reducing regenerative braking while increasing the non-regenerative 
braking to one wheel to maintain the actual vehicle controllability value within a 
predetermined target value comprises the step of increasing proportionally the non- 
regenerative braking torque apphed to a rear wheel traveling on an inside of a turn. 

Claim 19: The method of Claim 15, wherein the vehicle controllability determination 
includes the step of measurement a longitudinal wheel slip ratio value. 

Claim 20: The method of Claim 15, wherein the vehicle controllability detemiination 
includes the step of detennining and comparing a target and actual vehicle tire slip 
angle. 

Claim 21: The method of Claim 15, wherein the vehicle controllability determination 
includes the step of detennining and comparing target and actual yaw rate. 
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Claim 22: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when the longitudinal wheel slip ratio value is greater than 10 percent 

Claim 23: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when the longitudinal wheel slip ratio value is greater than 5 percent. 

Claim 24: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when the longitudinal wheel slip ratio value is greater than a value that is 
dependent on vehicle operating conditions. 

Claim 25: Apparatus for continuously controlling braking and optimizing controllability 
of a vehicle, comprising: 

a generator motor for providing regenerative braking toxque to the wheels a first axle; 
non-regeiierative brakes being connected to the wheels of a second axle; 
a controller adapted to operate said generator motor; 

regenerative braking and non-regenerative braking being independently adjustably 
applied to wheels of said first and second axles; and 

a control system embodied in the controller for directing the controller to sense vehicle 
conditions including brake position, wheel speed of each wheel, and degree of steering 
angle deviation right or left of a straight ahead orientation, 

said control system being adapted to activate non-regenerative and regenerative 
braking in varying proportion independently among the wheels of said first axle and 
said second axle, and to determine vehicle controllability based on at least one 
measured vehicle controllability value and at least one predetermined target value, and, 
based on such determination, and to 

reduce regenerative braking to all wheels of said first axle while increasing the non- 
regenerative braking to one wheel of said second axle to maintain the actual vehicle 
controllability value within the predetermined target value. 
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Claim 27: A system for controlling braking of a vehicle, comprising: 

regenerative brakes connected to wheels of a first axle of said vehicle; 
non-regenerative brakes connected to wheels of a second axle of said vehicle different 
from said first axle; 

a plurality of sensors for measuring and providing electronic signals to monitor vehicle 
inputs, comprising at least a steering angle sensor and a brake pedal position sensor; 
a controller adapted to continuously receive and process said signals; and 
a generator motor activated by said controller for adjustably applying regenerative 
braking torque to each wheel of said first axle fox maintaining a vehicle controllability 
value within a preselected target range, with said controller maintaining a vehicle 
controllability value by decreasing regenerative braking on all wheels of said first axle 
and by preferentially increasing non-regenerative braking on one wheel of said second 
axle. 

Claim 28: A system according to Claim 27, wherein said first axle is a fix)nt axle of a 
vehicle and said second axle is a rear axle of a vehicle. 

Claim 29: A system according to Claim 28, wherein said controller increases non- 
regenerative braking on only the inside wheel of said rear axle. 

Claim 30: A system according to Claim 27, wherein said first axle is a rear axle of a 
vehicle and said second axle is a front axle of a vehicle. 

Claim 31: A system according to Claim 30, wherein said controller increases non- 
regenerative braking on only the outside wheel of said front axle. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 
Serial No. 
Filed: 
For: 

Group Art Unit: 
Examiner: 

Attorney Docket No.; 



Todd Allen Brown 

10/064,997 
09/06/2002 

INDEPENDENT BRAKING AND CONTROLLABILITY 
CONTROL METHOD AND SYSTEM FOR A VEHICLE 
WITH REGENERATIVE BRAKING 

3683 

Schwartz, Christopher P. 
201-0498 (81075470) 
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BRIEF ON APPEAL 



Via central fax # (703) 872-9306 

Mail Stop: Appeal Brief-Patents 
Conuxiissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Dear Sir: 



I- Real Party In Interest 



The real party in interest to this appeal is the named assignee, Ford Motor Company, 
Dearborn, Michigan 48 121, 
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2. Related Appeals and Interferences 

There are no other known appeals or interferences which would have a bearing on, or 
be influenced by, the present appeal. 

3. Status of Claims 

Claims 1-26 were initially presented to the examiner for consideration. In respoiise to 
an Office Action dated September 25. 2003, Claims 1-14 and 26 were canceUed. Claims 15, 
17, 18 and 25 were amended, and Claims 27-31 were added. As a resuh of the Final Office 
Action dated april 1, 2004, a Request for Reconsideration was filed on June 1, 2004, Claims 
1 5 - 25 and 27 - 3 1 remain in the case. They are reproduced m APPENDIX L 

4. Status of Amendments 

A Request for Reconsideration was filed on June 1, 2004 in response to the Final 
Office Action of Apnl 1, 2004, According to an Advisory Action dated July 29, 2004, this 
Request for Reconsideration was considered but was deemed by the Examiner to fail to place 
the application in condition for allowance* 

5. Summary of the Invention 

The present invention provides a method and system to control braking and improve 
controllability of a vehicle equipped with regenerative braking. The invention can provide 
regenerative braking while reducing understcCT and oversteer while not significantly reducing 
energy recovery, even on low friction surfaces. The invention detects vehicle oversteer and 
understeer and correspondingly balances regenerative braking torque with conventional non- 
regenerative braking torque if controllability decreases. 

In accordance with an important aspect of the present invention regenerative braking is 
provided to the wheels of at least one axle^ either on a front or a rear axle. Also, mechanical 
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friction or other non-regenerative brakes of a type known in the art are connected to the 
wheels of at least one axle, with the regenerative braking and non-regenerative brakes being 
on different axles. The vehicle has a controller having the microprocessor hardware and 
software to receive and evaluate sensor input of brake position and wheel speed of each wheel 
and to activate a generator motor which varies non-regenerative and regenerative braking in 
optimum proportions among each non-regenerative braking wheel for maximum energy 
recovery. Further, the controller deteimines vehicle controllability based on at least one actual 
vehicle controllability value and at least one predetermined target value. The controller 
activates a generator motor that operates to reduce regenerative braking, while proportionally 
increasing non-regenerative braking in order to maintain the actual vehicle controllability 
value within the predetennined target value. 

En accordance with a related aspect of the invention, the controller can be a simple 
proportional-integral-derivative feedback type controller. 

The invention can reduce oversteer in vehicle configurations where the front axle 
wheels are steerable. In a preferred configuration the generator motor provides regenerative 
braking to the wheels on the rear axle» while the non-regenerative brakes are connected to the 
wheels on the front axle. The sensor input also includes data showing the steering angle in 
degrees left or right of dead center. Sensors also provide data related to lateral acceleration and 
yaw rate. 

Vehicle controllability determinations, such as oversteer, can include measurement and 
feedback showing wheel longitudinal wheel slip ratio, tire slip angle, and yaw rate. Steering 
angle can be determined from steering wheel position, steerable wheel position or a time- 
filtered deteimination of steering angle. The present invention can also be configured to 
reduce understeer in front wheel drive vehicles. As regenerative braking is reduced, non- 
regenerative braking is increased. 

For a rear wheel drive vehicle, where non-regenerative braking is provided on the front 
wheels, as regenerative braking in the rear is reduced and the vehicle is in a turn commanded 
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by the operator, the non-regenerative braking for the outside wheel of the turn is increased to 
reduce oversteer. Since non-regenerative braking is only increased on one wheel, a smaller 
reduction in the amount of regenerative braking is required. A similar strategy can be xised for 
a front wheel drive vehicle. Here, as regenerative braking is reduced on the front wheels to 
reduce understeer, the strategy proportionally increases the non-regenerative braking on the 
rear wheel that is on the itiside of the turn. These strategies maximize energy recovery. 

Other objects and features of the present invention will become more apparent to 
persons skilled in the art to which the present invention pertains from the following 
description and claims taken in conjunction with the accompanying figures. 

6. Issues to be Decided 

Whether Claims 15, 16, 19, 20, 22 - 25 and 27 - 31 are properly rejected under 35 
U.S.C. § 103(a) as being unpatentable over Kade et al. (U.S. Patent No. 5,522,859); and 
whether Claims 17, 18 and 21 are properly rejected under U.S.C. § 103(a) as being 
unpatentable over Kade et al. (U.S. Patent No. 5,522,859) in view of Tatara et al. (U.S. Patent 
No- 6,704,627), 

7. Grouping of Claims 

All claims stand or fell together. 

8. Argument 

Claims 15 - 25 and 27 - 31 are in the plication. Claims 15, 16, 19, 20, 22 - 25 and 
27 - 31 stand rejected und^ 35 U.S.C. 103(a) as being unpatentable over Kade et al„ U.S. 
Patent 5,522,859 ("Kade"). The Examiner states that Kade discloses a hybrid brake control 
system including regenerative and friction brakes^ with friction brakes being applied on at 
least a first axle, and regenerative brakes being applied to a second axle. The Examiner 
continues with the statement that Kade discloses an ABS system which proportions the 

4 

AA01M3107S.1 

PAfiE16f3S*OAT«10l20(l411:41:02 AM [Eastern Daylight Timej'SVRiUSI^O^^ 



AUG 10 2004 1 1 :49 RM FR 



TO 17038729306 



P. 17 



friction/regenerative braking based on the amount of wheel slip. The Examiner admits that 
Kade lacks the teaching of reducing regenerative braking applied to one axle and increasing 
non-regenerative braking appUed to a single wheel of a second axle to maintain vehicle 
controllability. Rather, the Examiner argues that it would have be obvious at the time the 
invention was made to have designed the system of KMe to reduce regenerative braking to the 
wheels of a first axle or increasing the fiiction braking to a single selected wheel of a second 
axle. 

Kade's system is centered about ABS. As is well known, ABS reduces the brake 
power associated with a given wheel so as to prevent wheel slip, fix other words, the braking 
available fi^m the wheel is reduced. In contravention of this concept, Applicant's claimed 
invention sets forth a systetn for reducing regen^ative braking by a wheel on a first axle, 
while increasing non-regenerative braking to a single selected wheel of a second axle. In other 
words, the braking is increased for a single wheel, rather than being decreased, as would be 
the case while employing an ABS system. This limitation is foirad in each of the tndependait 
claims of this case i.e. Claims 15, 25 and 27. As a result, Kade teaches away from ttie claimed 
invention, as set forth in each independent claim, and Claims 15, 16, 19, 20, 22 - 25 and 27 - 
31 are therefore allowable over Kade and should be passed to issue over the Examiner's 
rejection. 

Claims 17, 18 and 21 stand rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kade in view of Tatara et aL, U.S. Patent 6,704,627 ("Tatara''). In this regard, the Examiner 
imports from Tatara the teaching of providing drive and regenerative braking forces to the rear 
wheels of a vehicle based upon a number of vehicle conditions including yaw rate and lateral 
acceleration. The Examiner argues that it would have been obvious to modify the brake 
system of Kade to incorporate yaw rate and lateral acceleration as control parameters. 
Regarding Claim 21, the Examiner argues that the choice of a particular axle for friction or 
non-regenerative braking would have been obvious. Finally, regarding Claim 21, the 
Examiner argues that the use of target and actual vehicle yaw rates would have been obvious. 
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Applicant respectfully submits that neither Kade, nor Tatara, whether taken singly, or 
in combination with each other, either teach or suggest Applicant's claimed invention as set 
forth in Claims 17, 18 and 21 because as described previously, Kade teaches the use of ABS to 
reduce braking on an axle, rather than increasing braking on a single wheel after reducing 
regenerative braking on another axle, as claimed by Applicant Moreover, Tatara is devoid of 
any notion of decreasing regenerative braking while increasing friction braking on a single 
wheel of a diflferent axle. As a result, each of Claims 17, 18 and 21 should be passed to issue 
over the Examiner's rejection. Such action is earnestly solicited. 

9. Conclusion 

The Examiner's prior art rejection of Claims 15 - 25 and 27 - 31 should be reversed. 

' In accordance with 37 C-FJl. §L192, this Appeal Brief is beii\g filed in triplicate 
together with a Fee Transmittal for S330.00. 
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DYKEMA GOSSETT PLLC 




Jedpme R. Drouillard 
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<™ South State Street 
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Ann Arbor, MI 48104 
(743) 214-7670 
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CERTIHCATE OF MAILING 

I hereby certify that the enclosed Appeal Brief is bemg ifaxed to the Central Fax # (705) 872-9306 to Mail Stop 
Appeal Brief - Patents, Commissioner of Patents, P.O, Box 1450, Alexandria, VA 223 13-1450, on Ihis \Q 
day of August 2004. 
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APPENDIX I 

IN THE CLAIMS: 
Claim 1 - 14 (Cancelled) 

Claim 15: A method to control braking and optimize controllability of a vehicle having a 
generator motor adapted to adjustably apply regenerative braking torque to wheels of a 
first axle and non-regenerative brakes connected to wheels of a second axle, comprising 
the steps of: 

controlling the vehicle by sensing vehicle conditions including at least one of brake 
position, wheel speed of each wheel, and degree of steering angle deviation right or left 
of a straight ahead direction; 

activating non-regenerative and regenerative braking in varying proportion 
independently among wheels of said first and second axles; 

determining vehicle controllability based on comparison of at least one measured 
vehicle controllability value against at least one predetennined target value;, and 
reducing regenerative braking to the wheels of said first axle while increasing the non- 
regenerative braking to a single selected wheel of said second axle, to maintain the 
actual vehicle controllability value within the predetennined target value. 

Claim 16; The method of Claim 15, wherein the step of controlling the vehicle comprises 
using a simple proportional-integral-derivative feedback controller. 

Claim 17: The method of Claim 15, wherein: 

wheels on a front axle are steerable; 

the generator motor controls regenerative braking torque applied to the wheels on a 
rear axle; 

non-regenerative brakes are connected to the wheels on the front axle; 
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the Step of sensing vehicle conditions further comprises determining lateral 
acceleration and yaw rate of the vehicle; and 

the step of reducing regenerative brakmg while increasing the non-regenerative 
braking to one wheel to maintain the actual vehicle controllability value within the 
predetermined target value comprises the step of increasing proportionally the non- 
regenerative brake torque applied to a front wheel which travels on an outside of a 
turn. 

Claim 18: The method of Claim 15, wherein: 
the wheels on the front axle are ste^^le; 

the generator motor adjustably controls regenerative braking torque applied to the 
wheels on a fix)nt axle; 

non-regenerative brakes are connected to the wheels on a rear axle; 

the step of sensing vehicle conditions flirther comprises the step of detemiimng lateral 

acceleration and yaw rate of the vehicle; and 

the step of reducing regenerative braking while increasing the non-regenerative 
braking to one wheel to maintain the actual vehicle controllability value within a 
ptedeteimined target value comprises the step of increasing proportionally the non- 
regenerative braking torque applied to a rear wheel traveling on an inside of a turn. 

Claim 19: The method of Claim 15. wherein the vehicle controllability determination 
includes the step of measurement a longitudinal wheel slip ratio value. 

Claim 20: The method of Claim 15, wherein the vehicle controllability determination 
includes the step of deterniining and comparing a target and actual vehicle tire slip 
angle. 

Claim 21: The method of Claim 15, wherein the vehicle controllability detertnination 
includes the step of deterniining and comparing target and actual yaw rate. 
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Claim 22: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when the longitudinal wheel slip ratio value is greater than 10 percent. 

Claim 23: The tnethod of Claira 19, wherein the step of reducdng regenerative braking is 
activated when the longitudinal wheel slip ratio value is greater than 5 percent. 

Claim 24: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when the longitudinal wheel slip ratio value is greater than a value that is 
dependent on vehicle operating conditions. 

Gaim 25: Apparatus for continuously controlling braking and optimizing controllability 
of a vehicle, comprising: 

a generator motor for providing regenerative braking torque to the wheels a first axle; 
non-regenerative brakes being connected to the wheels of a second axle; 
a controller adapted to operate said generator motor, 

regenerative braking and non-regenerative braking being independently adjustably 
applied to wheels of said first and second axles; and 

a control system embodied in the controller for directing the controller to sense vehicle 
conditions including brake position, wheel speed of each wheel, and degree of steering 
angle deviation right or left of a straight ahead orientation, 

said control system being adapted to activate non-regenerative and regenerative 
braking in varying proportion indqpendently among the wheels of said first axle and 
said second axle, and to determine vehicle controllability based on at least one 
measured vehicle controllability value and at least one predetermined target value, and, 
based on such determination, and to 

reduce regenerative braking to all wheels of said first axle while increasing the non- 
regenerative braking to one wheel of said second axle to maintain the actual vehicle 
controllability value within the predetennined target value. 
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Claim 27: A system for controlling braking of a vehicle, comprising: 

regenerative brakes connected to wheels of a first axle of said vehicle; 
non-regenerative brakes connected to wheels of a second axle of said vehicle different 
from said first axle; 

a plurality of sensors for measuring and providing electronic signals to monitor vehicle 
inputs, comprising at least a steering angle sensor and a brake pedal position sensor; 
a controller ad^ted to continuously receive and process said signals; and 
a generator motor activated by said controller for adjustably applyii:\g regenerative 
braking torque to each wheel of said first axle for maintaining a vehicle controllability 
value within a preselected target range, with said controller maintaining a vehicle 
controllability value by decreasing regenerative braking on all wheels of said first axle 
and by preferentially increasing non-regenerative braking on one wheel of said second 
axle. 

Claim 28: A system acconling to Claim 27, wherein said first axle is a front axle of a 
vehicle and said second axle is a rear axle of a vehicle. 

Claim 29: A system according to Claim 28, wherein said controller increases non- 
regenerative braking on only the inside wheel of said rear axle. 

Claim 30: A system according to Claim 27, wherein said first axle is a rear axle of a 
vdiicle and said second axle is a front axle of a vehicle. 

Claim 31: A system according to Claim 30, wherein said controller increases non- 
regenerative braking on only the outside wheel of said front axle. 
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Group Art Unit: 
Examiner: 

Attorney Docket No, 
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CENTRAL FAX CENTER 



Todd Allen Brown 
10/064,997 
09/06/2002 

INDEPENDENT BRAJKJNG AND CONTROLLABILITY 
CONTROL METHOD AND SYSTEM FOR A VEHICLE 
WITH RJEGENERATIVE BRAKING 

3683 

Schwartz, Christopher P. 
201-0498 (81075470) 
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BRIEF ON APPEAL 



Via central fax # (703) 872-9306 

Mail Stop: Appeal Brief-Patents 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Dear Sir: 



Real Party In Interest 



The real party in interest to this appeal is the named assignee. Ford Motor Company, 
Dearborn, Michigan 4812L 
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2, Related Appeals and Interferences 

There are no other known appeals or interferences which would have a bearing on, or 
be influenced by, the present appeal. 

3. Status of Claims 

Claims 1-26 were initially presented to the examiner for consideration. In response to 
an OfBce Action dated September 25, 2003, Claims I - 14 and 26 were cancelled, Claims 15, 
17, 18 and 25 were amended, and Claims 27 - 31 were added As a result of the Final Office 
Action dated april 1, 2004, a Request for Reconsideration was filed on June 1, 2004. Claims 
15 - 25 and 27 - 3 1 remain in the case. They are reproduced in APPENDIX 1. 

4, Status of Amendments 

A Request for Reconsideration was filed on June 1, 2004 in response to the Final 
Office Action of April 1, 2004. According to an Advisory Action dated July 29, 2004, this 
Request for Reconsideration was considered but was deemed by the Exanainer to fail to place 
the application in condition for allowance. 

5. Summary of the Invention 

The present invention provides a method and system to control braking and improve 
controUabihty of a vehicle equipped with regenerative braking. The invention can provide 
regenerative braking while reducing understeer and oversteer while not significantly reducing 
energy recovery^ even on low friction surfaces* The invention detects vehicle oversteer and 
understeer and correspondingly balances regenerative braking torque with conventional non- 
regenerative braking torque if controllability decreases. 

In accordance with an important aspect of the present invention regenerative braking is 
provided to the wheels of at least one axle, either on a front or a rear axle. Also, mechanical 
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fiiction or other non-regenerative brakes of a type known in the art are connected to the 
wheels of at least one axle, with the regenerative braking and non-regenerative brakes being 
on different axles. The vehicle ha$ a controller having the microprocessor hardware and 
software to receive and evaluate sensor input of brake position and wheel speed of each wheel 
and to activate a generator motor which varies non-regenerative and regenerative braking in 
optimum proportions among each non-regenerative braking wheel for maximum energy 
recovery. Further, the controller determines vehicle controllability based on at least one actual 
vehicle controllabihty value and at least one predetermined target value. The controller 
activates a generator motor that operates to reduce regenerative braking, while proportionally 
increasing non-regenerative braking in order to maintain the acmal vehicle controllability 
value within the predetermined target value. 

In accordance with a related aspect of the invention, the controller can be a simple 
proportional-integral-derivative feedback type controller. 

The invention can reduce oversteer in vehicle configurations where the front axle 
wheels are steerable. In a preferred configuration the generator motor provides regenerative 
braking to the wheels on the rear axle, while the non-regenerative brakes are coruaected to the 
wheels on the jfront axle. The sensor input also mcludes data showing the steering angle in 
degrees left or right of dead center. Sensors also provide data related to lateral acceleration and 
yaw mte. 

Vehicle controllability determinations, such as oversteer, can include measurement and 
feedback showing wheel longitudinal wheel sUp ratio, tire slip angle, and yaw rate. Steering 
angle can be determined from steering wheel position, steerable wheel position or a time- 
filtered determination of steering angle. The present invention can also be configured to 
reduce understeer in front wheel drive vehicles. As regenerative braking is reduced, non- 
regenerative braking is increased. 

For a rear wheel drive vehicle, where non-regenerative braking is provided on the front 
wheels, as regenerative braking in the rear is reduced and the vehicle is in a torn commanded 
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by the operator, the non-regenerative braking for the outside wheel of the turn is increased to 
reduce oversteer. Since non-regenerative braking is only increased on one wheel, a smaller 
reduction in the amount of regenerative braking is required. A similar strategy can be used for 
a front wheel drive vehicle. Here, as regenerative braking is reduced on the front wheels to 
reduce understeer> the strategy proportionally increases the non-regenerative braking on the 
rear wheel that is on the inside of the turn. These strategies maximize energy recovery. 

Other objects and features of the present invention will become more apparent to 
persons skilled in the art to which the present invention pertains ftx)m the following 
description and. claims taken in conjunction with the accompanying figures. 

6. Issues to be Decided 

Whether Claims 15, 16, 19, 20, 22 - 25 and 27 - 31 are properly rejected under 35 
U.S,C, § 103(a) as being unpatentable over Kade et al. (U.S. Patent No. 5,522,859); and 
whether Claims 17, 18 and 21 are properly rejected under U.S.C. § 103(a) as being 
unpatentable over Kade et al. (U.S. Patent No. 5,522,859) in view of Tatara et al. (U.S. Patent 
No. 6,704,627). 

7. Grouping of Claims 

All claims stand or fall together. 

8. Argument 

Claims 15 - 25 and 27 - 31 are in the application. Claims 15, 16, 19, 20, 22-25 and 
27 - 31 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Kade et al., U,S. 
Patent 5,522,859 ("Kade'*)- The Examiner states that Kade discloses a hybrid brake control 
system including regenerative and friction brakes, with friction brakes being applied on at 
least a first axle, and regenerative brakes being applied to a second axle. The Examiner 
continues with liie statement that Kade discloses an ABS system which proportions the 
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friction/regenerative braking based on the amount of wheel slip. The Examiner admits that 
Kade lacks the teaching of reducing regenerative braking applied to one axle axid increasing 
non-regenerative braking applied to a single wheel of a second axle to maintain vehicle 
controllability. Rather, the Examiner argues that it would have be obvious at the time the 
invention was made to have designed the system of Kade to reduce regenerative braking to the 
wheels of a first axle or increasing the friction braking to a single selected wheel of a second 
axle. 

Kade*s system is centered about ABS. As is well known, ABS reduces the brake 
power associated with a given wheel so as to prevent wheel slip. In other words* the braking 
available from the wheel is reduced. In contravention of this concept. Applicant's claimed 
invention sets forth a system for reducing regenerative braking by a wheel on a first axle, 
while increasing non-regenerative braking to a single selected wheel of a second axle. In other 
words, the braking is increased for a single wheel, rather than being decreased* as would be 
the case while employing an ABS system. This limitation is found in each of the independent 
claims of this case i.e. Claims 15, 25 and 27. As a result, Kade teaches away from the claimed 
invention, as set forth in each independent claim, and Claims 15, 16, 19, 20, 22 - 25 and 27 - 
31 are therefore allowable over Kade and should be passed to issue over the Examiner*s 
rejection. 

Claims 17, 1 8 and 21 stand injected under 35 U,S,C. 103(a) as being unpatentable over 
Kade in view of Tatara et al., U.S. Patent 6,704,627 ("Tatara")- In this regard, the Examiner 
imports from Tatara Ifae teaching of providing drive and regenerative braking forces to the rear 
wheels of a vehicle based upon a number of vehicle conditions including yaw rate and lateral 
acceleration. The Examiner argues that it would have been obvious to modijEy the brake 
system of Kade to incorporate yaw rate and lateral acceleration as control parameters. 
Regarding Claim 21, the Examiner argues that the choice of a particular axle for friction or 
non-regenerative braking would have been obvious. Finally, regarding Claim 21, the 
Examiner argues that the use of target and actual vehicle yaw rates would have been obvious. 
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Applicant respectfully submits that neither Kade, nor Tatara, whether taken singly, or 
in combination with each other, either teach or suggest Applicant's claimed invention as set 
forth in Claims 17, 18 and 21 because as described previously, Kade teaches the use of ABS to 
reduce braking on an axle, rather than increasing braking on a single wheel after reducing 
regenerative braking on another axle, as claimed by AppUcant. Moreover, Tatara is devoid of 
any notion of decreasing regenerative braking while increasing friction braking on a single 
wheel of a different axle. As a result, each of Claims 17, 18 and 21 should be passed to issue 
over the Examiner's rejection. Such action is earnestly solicited. 

9, Conclusion 

The Examiner's prior art rejection of Claims 1 5 - 25 and 27 - 3 1 should be reversed. 

In accordance with 37 C.F.R. §1.192, this Appeal Brief is being filed in triplicate 
together with a Fee Transmittal for $330.00. 

Respectfully submitted, 
DYKEMA GOSSETT PLLC 



Dated: August IC . 2004 




JeADme R. Drouillard 
Registration No. 28,008 
m3 South State Street 

Suite 400 

AnnAri>or, MI 48104 
(743)214-7670 
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CERTIFICATE OF MAILING 

I hereby certify that the enclosed Appeal Brief is being faxed to the Central Fax # <703) 872-9306 to Mail Stop 
Appeal Brief- Patents, Conraussiouer of Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on tJhis JQ_ 
day of August 2004, 
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APPENDIX I 

IN THE CLAIMS: 
Claim 1-14 (Cancelled) 

Claim 15: A method to control braking and optitnize controllability of a vehicle having a 
generator motor adapted to adjustably apply regenerative braking torque to wheels of a 
first axle and non-regenerative brakes connected to wheels of a second axle, comprising 
the steps of: 

controlling the vehicle by sensing vehicle conditions including at least one of brake 
position, wheel speed of each wheel and degree of steering angle deviation right or left 
of a straight ahead direction; 

activating non-regenerative and regenerative braking in varying proportion 
independently among wheels of said first and second axles; 

determining vehicle controllability based on comparison of at least one measured 
vehicle controllability value against at least one predetemiined target value; and 
reducing regenerative braking to the wheels of said first axle while increasing the non- 
regenerative braking to a single selected wheel of said second axle, to maintain the 
actual vehicle controllability value within the predetermined target value. 

Claim 16: The method of Claim 15, wherein the step of controlling the vehicle comprises 
using a simple proportional-integral-derivative feedback controller. 

Claim 17: The method of Claim 15, wherein: 

wheels on a front axle are steerable; 

the generator motor controls regenerative braking torque applied to the wheels on a 
rear axle; 

non-regeneraiive brakes are connected to the wheels on the front axle; 
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the Step of sensing vehicle conditions further comprises detennining lateral 
acceleration and yaw rate of the vehicle; and 

the step of reducing regenerative braking while increasing the non-regenerative 
braking to one wheel to maintain the actual vehicle controllability value within the 
predetermined target value comprises the step of increasing proportionally the non- 
regenerative brake torque applied to a front wheel which travels on an outside of a 
turn. 

Claim 18: The method of Claim 15, wherein: 
the wheels on the front axle are steerable; 

the genorator motor adjustably controls regenerative braking torque applied to the 
wheels on a front axle; 

non-regenerative brakes are connected to the wheels on a rear axle; 

the step of sensing vehicle conditions further comprises the step of determining lateral 

acceleration and yaw rate of the vehicle; and 

the step of reducing regenerative braking while increasing the non-regenerative x 
braking to one wheel to maintain the actual vehicle controllability value within a 
predetermined target value comprises the step of increasing proportionally the non- 
regenerative braking torque applied to a rear wheel traveling on an inside of a turn. 

Claim 19: The method of Claim 15, wherein the vehicle controllability determination 
includes the step of measurement a longitudinal wheel slip ratio value. 

Claim 20: The method of Claim 15, wharein the vehicle controllability determination 
includes the step of detennining and comparing a target and actual vehicle tire slip 
angle. 

Claim 21: The method of Claim 15, wherein the vehicle controllability determination 
includes the step of determining and comparing target and actual yaw rate. 
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Claim 22: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when the longitudinal wheel slip ratio value is greater than 10 percent. 

Claim 23: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when the longihidinal wheel slip ratio value is greater than 5 percent. 

Claim 24: The method of Claim 19, wherein the step of reducing regenerative braking is 
activated when tixe longitudinal wheel slip ratio value is greater than a value that is 
dependent on vehicle operating conditions. 

Claim 25: Apparatus for continuously controlling braking and optimizing controllability 
of a vehicle, comprising: 

a generator motor for providing regenerative braking torque to the wheels a first axle; 
non-regenerative brakes being connected to the wheels of a second axle; 
a controller ad^ted to operate said generator motor; 

regenerative braking and non-regenerative braking being independently adjustably 
applied to wheels of said first and second axles; and 

a control system embodied in the controller for directing the controller to sense vehicle 
conditions including brake position, wheel speed of each wheel, and degree of steering 
angle deviation right or left of a straight ahead orientation, 

said control system being adapted to activate non-regenerative and regenerative 
braking in varying proportion independently among the wheels of said first axle and 
said second axle, and to determine vehicle controllability based on at least one 
measured vehicle controllability value and at least one predetermined target value, and, 
based on such detenninatian, and to 

reduce regenerative braking to all wheels of said first axle while increasing the non- 
regenerative braking to one wheel of said second axle to maintain the actual vehicle 
controllability value within the predetennined target value. 
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Claim 27: A system for controUixig brakmg of a vehicle, comprising: 

regenerative brakes connected to wheels of a first axle of said vehicle; 
non-regenerative brakes connected to wheels of a second axle of said vehicle different 
from said first axle; 

a plurality of sensors for measuring and providing electronic signals to monitor vehicle 
iiq)uts, comprising at least a steering angle sensor and a brake pedal position sensor, 
a controller adapted to continnously receive and process said signals; and 
a generator motor activated by said controller for adjustably applying regenerative 
braking torque to each wheel of said first axle for maintaining a vehicle controUability 
value within a preselected target range, with said controller maintaining a vehicle 
controllability value by decreasing regenerative braking on all wheels of said first axle 
and by preferentially increasing non-regenerative braking on one wheel of said second 
axle. 

Claim 28: A system according to Claim 27, wherein said first axle is a fiont axle of a 
vehicle and said second axle is a rear axle of a vehicle. 

Claim 29: A system according to Claim 28, wherein said controller increases non- 
regenerative braking on only the inside wheel of said rear axle. 

Claim 30: A system according to Claim 27, wherein said first axle is a rear axle of a 
vehicle and said second axle is a front axle of a vehicle. 

Claim 31: A system according to Claim 30, wherein said controller mCTeases non* 
regenerative braking on only the outside wheel of said fi-ont axle. 
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Fee from 
£i^s fv^iow Fee Paid 

Total Clalme 
Independent 
Claims 

MuIliplB Dependent 




Larpe Entitv 



Fee Fee 
Code ($) 

1202 18 
1201 d6 

1203 290 
86 



1204 
1205 



18 



Small gnlitv 



Fei^.Q.eacrlpi!p.fy 



Fee Fee 
Code ($) 

2202 9 Oalms in excess of 20 

2201 43 IrKtependent claims in excess of 3 

2203 1 45 Multiple dependent claim, if noi paid 

2204 43 " Reissue independent daiitis 

over onginal patent 

220$ Q Reissue claims in excess of 20 
9nd over QiiginQt p9tent 



SUBTOTAL (2) 



**arnumbQrprBvioua}ypaid, if greater; ForRei^^ues. 99^ ^g^^^e 



FEE CALCULATION, (continued) 



3. ADDITIONAL FEES 



LaraeErrtftv 



Fee Fee 
Code ($] 

1051 130 

1052 50 

1053 130 
1812 2.520 
1004 920< 

1809 1»e40' 

1251 110 
1232 420 

1253 950 

1254 1,480 

1255 2,010 

1401 330 

1402 330 

1403 200 

1451 1,510 

1452 no 

1453 1,330 

1501 1,330 

1502 4ao 

1503 640 
1460 130 
1607 SO 
1806 180 
8021 40 

1809 770 

1810 770 

1801 770 

1802 SOO 



Small Entity 



Fee Description 



Pee Fe« 

Code (S) 

2051 65 Surcharge -late filing fee or oath 

2052 2S Surcharge- late provlslonat filing fee or 
cover sheet 

1053 130 Non-English specification 

1812 2.520 F^or filiflfl a request tor ex pane reexamination 

1804 920* ReQuesting putrficetion of SIR prior to 
Examiner action 

1809 1,840* RecjuMtin^ publication or SIR after 
Exemrner action 

2251 55 Extension for reply ^«^thin flr^t month 

2252 210 Extension fOr reply within second month 

2253 475 Extension fbr mply within IMfd nnonth 

2254 740 Extension for repi/ \within fourth nKnth 

2255 1,005 Extension for reply within fifth month 

2401 165 Notice of Appe^ 

2402 185 Filing 0 brief in support of an appeal 

2403 145 Request for orsi hearing 

1451 1,510 Petitioi^ to institute a public ufiO proCdOding 

2452 55 Petition to revive - unavoidable 

2453 665 petitlort to revive - unintentional 

2501 665 utility ieeue f^e <or reissue) 

2502 240 Design issud tee 

2503 320 PiantI ssuft fee 

14$0 130 Petitions to th$ <;>:Mnrni$&ion6r 
1807 50 Processing fee under 37 CFR 1.17(q) 
1806 180 Submission of Infonnation Disclosure Stmt 
M71 4n Rd<=^rding each patent assignment per 
^ property (times number of properties) 

2809 3BS RJing a submission after final rejacft^ 

{37 CFR 1.129(3)) 

281 0 385 for eech additlortal invention to be 

examined (37 CFR 1.120(b)) 

2801 
1802 



365 Request for Continued Exairunation (RCE) 
900 Request for expedited examination 
of a design eppiloation 



Other fee (specify) 

*Reduced by Basic Filing Fee Paid 



no. 



330 



SUBTOTAL (3) 



440.00 



SUBMITTED BY 



Name (Print/rype> 



SignaUJK 




i: Information on this form may^bocii 



Registration No. I ->fi nftft 



(Gompfete {it hoctltcobh)) 



TBi^n^ (734) .214-7670 , 



^ING: Infonnation on this fbnvi may boc^mo public. Crodit oard information should not' 
^eluded on ttils form. Provide credit card information and authorization on PTO''2038. 

This coUoCtjon of iofbrmation is required by 37 CFR 1 .17 and 1.27. The infomwtlon Is nqulrad to obtain or retain a benafH by the puhTie wMeh i* id filR (and by lha 
USPTO to process) an application. Confidentiality is qovemod by 35 U.S.C. 122 and 37 CFR I.U. Thift collection is e*h*mated to tai<o 12 minutot to complelo, 
iftdudoig gathering, preparing, and submitting the c»mpletad application form to the USPTO. Time will vary depending upon the Individual case. Any comments on 
the amount of time you require to comptote this form gnd/or suggestions for reducing this DurOen, Should be sent to the Chier infomMtion OfRCW, U.S. Patent and 
Trademarlc QfTioe. US- Department of Commeroe. P.O. Box 1460, Alexandria, VA 22313-1450- DO NOT SEND FEES OR COMPLETED FQRM$ TO THIS ADDRESS. 
SEND TO: Commissioner tor Patanta. P.O. Box 1450. Alexandria. VA 22313-U50. 



ff you ftMd dSSistsnce in comptetinQ iha form, call 1-60Q-PTO'$i99 and Select OPihn 2, 
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